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The widespread immunization of a susceptible, growing population 
as  a  result  of exposure  to  various infectious agents is  well known. 
The purpose of this communication, however, is to present evidence 
that  certain animals may with increasing age  acquire  resistance to 
peripheral  inoculation  with  some  neurotropic  viruses  without  any 
previous  exposure  to  infection and  in  the  absence  of demonstrable 
humoral antibodies. 
In the course of experiments with the virus of vesicular stomatitis 
in mice, certain irregularities in susceptibility were observed when the 
virus was injected by routes other than the intracerebral, and it was 
conjectured that  some of the variations might be  due to  a  lack of 
uniformity in age among the animals used.  A  series of experiments 
was then undertaken to test quantitatively the incidence of morbidity 
and death among mice of known age following inoculation of this virus 
by various routes.  The study was subsequently extended to include 
similar tests with other viruses. 
Animals and Methods 
Unless designated otherwise the mice used in this investigation are generally 
referred to as The Rockefeller  Institute albino strain.  While they do not represent 
a pure genetic strain they have been inbred at this Institute for about 24 years. 
Mice of known age  were therefore readily available.  Their weight was not a 
reliable criterion by itself, since it varied with the number of mice in a litter and 
* Preliminary report given at meeting of American Association  of Pathologists 
and Bacteriologists, April, 1933; for abstract see Am. J. Path.,  1935, 11~ 839. 
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other  conditions.  These mice had no opportunity  for exposure to the viruses 
under investigation until used.  Intracerebral  injections were given under ether 
anesthesia, while intranasal and other peripheral inoculations were made without 
anesthesia.  Suspensions of virus  were usually  prepared  from fresh  tissue  in 
broth, unless otherwise stated.  The supernatant  liquid of a 10 per cent suspen- 
sion, after  horizontal centrifugation  at about 2000 i~.P.~r, for  10  minutes,  was 
taken to represent a virus dilution of 1:10, from which further tenfold dilutions 
were prepared in broth,  always using a  sterile pipette for each new dilution. 
Experiments  with  Vesicular Stomatitis  Virus  (Indiana  and  New 
Jersey Strains) 
Both  the  Indiana  and  New  Jersey strains  of vesicular  stomatitis 
virus which are immunologically distinct,  have undergone  numerous 
brain to brain passages in mice (1).  Although in nature, in horses and 
cattle, this virus has not thus far been observed to induce encephalitis 
(2--4),  it has  done so after  experimental  intracerebral  inoculation  in 
monkeys, rabbits, guinea pigs, rats, and mice and after intranasal  and 
others ways of peripheral inoculation in mice (5). 
Susceptibility of Young and Old Mice to Infection by Intracerebral and 
Intranasal  Routes.--In  order  to  accentuate  any  possible variations 
which might be attributable to differences in age, mice at extremes of 
age were employed.  The young ones were  14 days of age and their 
average  weight  was  7.2  gin.;  the  other  group  consisted  of  animals 
about 1 year old and of an average weight of 35.4 gin.  Dilutions of 
virus ranging from 10 -4 to 10  -8 were injected intracerebrally and from 
10 -1 to  10  -8 by way of the nose; 0.03  cc. was the amount given by 
both methods, 3 mice being used for each dilution and route. 
The results, shown in Table I, indicate no appreciable difference in 
the incidence of morbidity and of death between the young and old 
mice when the Indiana strain of the virus was injected directly in the 
brain,  while a  distinct  difference in the two age groups was evident 
after intranasal instillation.  In the intracerebral group, the old mice 
generally showed signs of disease and a lethal outcome after a  longer 
incubation period, but the titration end-point was practically the same 
as for the young mice.  After nasal  instillation  of the virus,  on the 
other hand,  none of the old mice developed encephalitis or exhibited 
any other signs of disease, while in the young mice the 10 -4 dilution of 
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The same type of experiment was performed with the New Jersey 
strain of the virus, and the results, given in Table II,  are practically 
the same as those with the Indiana strain.  All but one of the old mice, 
receiving the virus by way of the nose, remained well; the exceptional 
one showed signs of encephalomyelitis on the 8th day and survived 
with residual paralysis of the posterior extremities.  Two old mice 
were given 0.1 cc. each of the 1 : 100 virus dilution intranasally instead 
of 0.03 cc., to determine whether the larger volume might influence the 
TABLE  I 
Susceptibility  of Young and Old Mice to Intracerebral and Intranasal  Inoculations 
with Vesicular Stomatitis  Virus (Indiana Strain) 
Route of inoculation 
Intracerebral 
Intranasal 
Dilution of virus 
10-~ 
l0 s 
10-6 
10-  7 
10-s 
10-~ 
10-3 
10-* 
10-  5 
10-s 
10-  7 
10-a 
Age of mice and result 
14 days old, average 
weight, 7.2 gan. 
n.  t*  $ 
n.t. 
2, 3, 0 
3, O, 0 
O, O, 0 
n° t° 
n.t. 
5, 7, 7 
7, O, 0 
O, O, 0 
O, O, 0 
O, O, 0 
About  I year old, 
average weight, 35.4 gin. 
3, 3, 4t 
4, 4, 4 
5, 5, 7 
O, O, 0 
O, O, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
*  n.  t.  --- not tested. 
t  Numbers indicate the day of death of individual mice, 0  signifying survival. 
outcome, but both remained well.  Numerous other old and young 
mice  have  since  received  nasal  instillations  of  vesicular  stomatitis 
virus and the old ones with occasional exceptions were resistant while 
the young ones invariably succumbed to encephalitis. 
The fact that there is no appreciable age difference when the virus 
is injected directly into the brain suggests that  the portions of the 
central nervous system, involvement of which leads to clinical enceph- 
alitis and death, are apparently fully susceptible to the action of the 726  ACQUIRED  RESISTANCE  TO NEUROTROPIC  VIRUSES 
virus, and that the resistance to infection by way of the nose encoun- 
tered in old mice is not a  general or systemic one.  It would appear 
rather that some as yet unknown variation in the pathogenesis of the 
disease or the spread of the virus from the periphery might account 
for the resistance of the older animals. 
Susceptibility  of Young and Old Mice to Inoculation  by Other Peri- 
pheral  Routes.--To  determine  whether  the  resistance  of  the  older 
animals was due to some unique condition present in the nasal path 
or merely to the result of peripheral inoculation as such, young and 
TABLE  II 
Susceptibility  of Young and Old Mice to Intracerebral and Intranasal Inoculation 
with Vesicular Stomatitis  Virus (New Jersey Strain) 
Route of inoculation 
Intracerebral 
Intranasal 
Dilution  of virus 
10-s 
10  ~ 
10-7 
Age of mice and result 
15 days old, average 
weight, 8.2 gin. 
10-1 
10  ~  (0.03 cc.) 
10-* (0.1 cc.) 
10-a 
10-4 
10-5 
2, 2, 0 
2, 2, 4 
0, 0, 0 
n. t° 
n.t. 
n.t. 
7, 7, 11 
7, 11, 0 
0, 0, 0 
About 1 year old, 
average weight, 35.8 gin. 
3, 3, 4 
4, 5, 0 
4, 0, 0 
0, 0, 0 
0, 0, p. p. 8* 
0, 0 
0, 0, 0 
ll.t. 
n.t. 
Abbreviations as in Table I. 
* p. p.  8  ffi  paralysis of  posterior  extremities  8  days  after  inoculation,  but 
survived. 
old mice were injected with varying dilutions of vesicular stomatitis 
virus  (New  Jersey  strain)  subcutaneously,  intramuscularly,  intra- 
peritoneally, and intravenously. 
The subcutaneous inoculations were made in the back of the lower thoracic and 
lumbar regions, 0.5 cc. of the ;carious dilutions of virus (10 -1, 10 -~, 10 -3, and 10  -4) 
being injected into each of three young and three old mice.  None of the old mice 
exhibited any signs of disease and all survived, while the young mice developed 
first flaccid paralysis of the posterior extremities; the paralysis ascended and the 
animals died within 24 to 48 hrs.  All three mice injected with the  10  -1 dilution P.  K.  OLITSKY,  A.  B.  SABIN,  AND  H.  R.  COX  727 
of virus, two of three with 10  -2 and 10  -s, and one of three with 10  -4 dilution were 
affected (Table III). 
The intramuscular  inoculations were given into the calf muscles of one side. 
Six young and six old mice were each injected with 0.3  cc. of the 10  -x dilution 
(i.e. 10 per cent centrifuged suspension).  The old mice remained well while the 
young ones developed flaccid paralysis of the posterior extremities (the inoculated 
extremities frequently exhibiting paralysis first) and later died (Table III). 
Certain difficulties were encountered with the intravenous inoculations because 
of the well known immediate toxicity of homologous brain suspensions and the 
small size of the tail veins in very young mice.  However, four 1 year old animals 
which survived an  injection of 0.2  cc.  of  1:20  centrifuged suspension of virus 
TABLE  ILl 
Susceptibility of Young and Old Mice to Inoculation  by Various Peripheral Routes 
with Vesicular Stomatltis  Virus (New Jersey Strain) 
Route and amount 
of inoculation 
Subcutaneous,  0.5 cc. 
each 
Intraperitoneal,  0.5 
cc. each 
Intramuscular, 0.3 cc. 
Dilution  of virus 
10-1 
10--2 
10- 8 
10  ~ 
10-1 
10--2 
10--3 
10--4 
10-t 
Age of mice and result 
15 da~s old,  average 
weight,  i0  gin. 
7, 8, 12 
7, 8, 0 
7, 7, 0 
12, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
4, 4, 5, 5, 5, 6 
About I year old, 
average  weight, 35 gm. 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
n.t. 
n.t. 
0, 0, 0, 0, 0, 0 
Abbreviations as in Table I. 
remained entirely well.  Eight 21 day and two 16 day old mice were injected with 
0.2 cc. of a  1:200 dilution, but with the exception of two 21 day mice, a  certain 
amount escaped in the tissues of the tail.  Four of the eight 21 day mice (induding 
only one of the two in which the injection appeared to be entirely intravenous) 
and  both  16  day mice developed flaccid paralysis of the posterior extremities 
within 5 to 6 days and died 24 hours later.  The development of flaccid paralysis 
of the posterior extremities as the first nervous manifestation after intravenous 
inoculation is highly suggestive of a centripetal spread of the virus by way of the 
nerves supplying the abdominal viscera. 
Intraperitoneal  inoculations of 0.5 cc. of various virus dilutions were made in 
15 day and 1 year old mice, and as noted in Table III, neither the young nor the 728  ACQUIRED  RESISTANCE  TO  NEUROTROPIC  VIRUSES 
old mice revealed any signs of disease.  These results were unexpected in view 
of the uniform susceptibility of 15 day old mice to inoculation by other peripheral 
routes.  To determine whether  in mice some special change in  the peritoneal 
structures occurring as early as the 15th day of life may be responsible for their 
lack of susceptibility, four 12 day old mice were injected intraperitoneaUy with 
0.5 cc. of a 10 per cent virus suspension (approximately 10 s minimal intracerebral 
lethal doses).  Three succumbed on the 4th and one on the 8th clay after inocula- 
tion, death in each case being due to virus involvement of the central nervous 
system. 
It is evident from the tests just described that as mice grow older 
they become resistant to the virus of vesicular stomatitis introduced 
peripherally and whatever the changes responsible for this resistance 
may be, they are evident earlier ~  the peritoneum than elsewhere. 
Effect of Normal Adult Mouse Serum on Vesicular Stomatitis Virus.-- 
The purpose of this experiment was to disclose whether the resistance 
of older mice to peripheral inoculation was due to some virucidal or 
inhibitory property of their serum.  Consequently, the serum of three 
1 year old mice was pooled and mixed with various dilutions of virus, 
and after incubation for 1  {  hours at room temperature the mixtures 
were injected intracerebrally in mice.  It is evident from the tabulated 
results  (Table IV),  that  the  adult mouse serum failed to  inactivate 
even  the  minimal  infective  amount  of virus employed.  It  is  clear, 
therefore,  that the resistance of the older mice is not related to any 
specific or nonspecific antiviral bodies in the serum. 
At What Age Do Mice Become Resistant?--These experiments were 
designed to indicate the age at which mice first exhibit resistance to 
nasal instillation  of vesicular stomatitis virus.  In the first test with 
the Indiana strain,  three mice of each  of the  following ages--ll, 20, 
31, 56 days, and about 1 year--were each given intranasally  0.03  co. 
of a 1:100 virus suspension.  The potency of the virus was determined 
simultaneously  in  each  experiment  by  intraeerebral  inoculation  of 
mice.  The results (Table  V) indicate that all the 11 and 20 day old 
mice  succumbed, while beginning  with  31  days of age  some of the 
inoculated  mice  survived without  showing  any  signs  of disease.  It 
should be noted, however, that the incubation period increases with 
age.  It may be of interest that one of the 56 day old mice developed 
flaccid paralysis of the posterior extremities after a prolonged incuba- 
tion period of 14 days; the paralysis persisted but the mouse survived. P.  K.  OLITSKY,  A.  B.  SABIN,  AND  H.  R.  COX  729 
In another experiment (Table V) in which the New Jersey strain of the 
virus  was  used  essentially  similar  results  were  obtained  with  the 
exception that most of the mice,  30  and 48  days of age, were not 
refractory.  Two of the 1 year old mice again developed flaccid paraly- 
sis of the posterior extremities, but survived. 
In view of the fact, however, that mice not only varied as regards 
the age at which the refractory state first became apparent but also 
that now and again some of them apparently did not become refractory 
at all, it was desirable to determine, if possible, some of the factors 
which are responsible for this variation.  While it is not improbable 
that  extrinsic factors may play  an important  rSle,  the  experiment 
TABLE  IV 
E~ed  of Normal Adult Mouse Serum on Vesicular Storaatitis Virus(Indiana Strain) 
Substances tested 
?ooled  adult  mouse 
serum 
Broth (control) 
Dilution of virus 
in mixture 
lOS 
10--4 
10-5 
10-6 
lO-i 
10-4 
10-7 
Abbreviations  as  m  previous  tables. 
No. of ~  injected  Result 
2, 2, 5 
2, 2, 3 
2, 3, 5 
3.3,5 
2, 3, 3 
3, 3, 4 
0, 0, 0 
recorded in Table V was planned to examine the possible function of 
certain  inherent  genetic  factors.  It  has  already  been  shown  by 
Webster that by selective breeding from individuals of the Rockefeller 
Institute  albino  strain  (also  used  in  the  present  study)  one  may 
obtain mice relatively more susceptible or resistant to certain bacteria 
or viruses than those of the original stock (6, 7).  In order to determine 
to what extent such selective inbreeding may influence the presence or 
development of resistance to nasal instillation of vesicular stomatitis 
virus, three groups of mice of known age were tested simultaneously,  t 
t Dr.  L.  T.  Webster kindly  supplied the  "virus-susceptible" and  "virus- 
resistant"  mice, and  the ordinary Rockefeller Institute albinos were used for 
control. TABLE  V 
Age When Mice Become Resistant to Nasal Instillation of Vesicular Stomatitis Virus 
Date of 
experiment 
and  strain 
of virus 
Feb.  21, 
1935, In- 
diana 
Mar.  20, 
1936, 
New 
Jersey 
Mar.  31, 
1936, 
New 
Jersey 
June  6j 
1936, 
New 
Jersey 
Strain of mice 
Rockefeller 
Institute 
albino 
Rockefeller 
Institute 
albino 
Rockefeller 
Institute 
albino 
Webster 
virus- 
suscep- 
tible 
Webster 
virus-re- 
sistant 
Webster 
virus-re- 
sistant 
Rockefeller 
Institute 
albino 
Dilution of vim 
and No. of i. e. 
M.I.D.* 
1:100 
(10,000) 
1:100 
(10,~0) 
1:100 
(1000-10,000) 
1:1000 
.O0-1000) 
1:100 
(1000-10,000) 
1:1000 
(100-1000) 
1:100 
(lOOO_1O, ) 
1:1000 
000-1000) 
1:100 
(lO,OOO-lOO,OOO) 
1:100 
(10,000-100,000) 
A~  R~t 
days  gm. 
11  5.3  5, 5, 6 
20  9.5  7, 7, 7 
31  15.8  9, 0, 0 
56  24.5  9, p. p. 14, 0 
About 360  37.6  14,0,0 
,.. 
14  5.1  5, 5, 5, 5, 6, 6 
21  6.8  5, 5, 5, 5, 6, 6 
30  11.8  6, 6, 7, 7, 8, 0 
48  24.5  ®,t  7, 9, 11, 11,  0 
About 360  38.7  9, p. p. 10, p. p. 10, 
0, 0, 0 
18  7.6  5, 6, 7, 0, 0, 0 
240-360  38.8  0, 0, 0, 0, 0, 0 
18  7.6  5, 5, 6, 6, 0, 0 
240-360  38.8  0, 0, 0, 0, 0, 0 
18  7.1  5, 6, 0 
90  3s.2  ®,®,0 
Over 180  41.0  0,0,0 
18  7.1  8, 0, 0 
90  35.2  0, 0, 0 
Over 180  41.0  0,0,0 
19  8.3  5, 7, 0 
90  28.1  0, 0, 0 
About 360  36.0  0, 0, 0 
19  8.3  5, 7, 7 
90  28.1  0, 0, 0 
About 360  36.0  0, 0, 0 
31  14.8  7, 8, 9, 9, 10, 0, 0 
15  8.6  4, 4, 4, 4, 5, 5 
31  16.9  5, 6, 6, 7, 8, 0 
About 360  35.5  11,0,0,0 
Abbreviations as  in  previous  tables. 
* i.c.M.LD.  =  minimal infective doses by intracerebral route. 
~f (~) signifies that death was not caused by the virus. 
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Half  the  number  of mice of each age  and  group  received a  1:100 
glycerolated virus  suspension  and the other half  a  1:1000  dilution. 
The results (Table V) indicate no significant difference in susceptibility 
among the  mice  of  the  three groups.  With  the  1:100  dilution  of 
virus in the 18 or 19 day old mice, three of the six Institute animals, 
two of three virus-susceptible and two of three virus-resistant mice 
succumbed, while with the 1 : 1000 virus dilution, four of six Institute 
mice, one of three virus-susceptible, and all three virus-resistant ones 
developed the  virus  encephalitis.  None  of the twelve 8  month  to 
1 year old Institute mice developed the disease, nor did any of the 
twenty-four virus-susceptible  or  virus-resistant  animals  90  days  or 
more of age, succumb to virus encephalitis.  In the last experiment 
recorded in Table V,  31  day old mice from the Institute albino and 
Webster virus-resistant stocks were compared.  It may be noteworthy 
that the seven virus-resistant mice in this test constituted a single litter 
from the mating of 3  month old virus-resistant parents used in  the 
previous  experiment.  There  is  again  no  appreciable  difference 
between the number of 31 day old virus-resistant and ordinary Insti- 
tute mice that succumbed to nasal infection, although the incubation 
period appeared to be rather longer in the former. 
It should be noted here that while the mice designated as relatively 
virus-susceptible and virus-resistant have been shown to exhibit these 
variations in  susceptibility as regards the viruses of louping ill and 
St.  Louis encephalitis  (6,  7),  it is evident that this  does not obtain 
for the virus of vesicular stomatitis (New Jersey strain), and as recently 
observed by Webster  (8)  also not for the virus of rabies.  From the 
point  of  view  of  the  special  type  of  resistance  only  to  peripheral 
inoculation, described in this communication, there is thus no evidence 
as yet for considering its development with increasing age as geneti- 
cally predetermined.  Further studies in the direction of the effects of 
genetic, dietetic, and physiologic factors are, however, indicated. 
Experiments with Other Neurotropic  Viruses ~ 
The influence of the age of different hosts on the infectivity of other 
neurotropic viruses, inoculated intracerebrally and peripherally, will 
now be described. 
2 The term neurotropic refers to the capacity of a  virus to attack nervous 
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Eastern  Equine  Encephalomyelitis  Virus  in  Mice.--Mice  15  days 
and  1  year of  age  were  given  various  dilutions  of  Eastern  equine 
encephalomyelitis virus  (mouse  brain  suspension  in  broth)  by  the 
intracerebral and intranasal routes as indicated in Table VI.  It may 
be seen that no appreciable difference in susceptibility exists between 
the young and old mice inoculated intracerebraUy, while only a slight 
variation is evident in the nasally infected ones.  After nasal instilla- 
tion the old mice succumbed on the average a day or two later than the 
young, and in the latter the virus was apparently infective in a tenfold 
TABLE  VI 
Susceptibility of Young and Old Mice to Intracerebral and Intranasal Inoculations 
of Eastern Equine gncepkalorayelitis Virus 
Route of inoculation 
Intracerebral 
Intranasal 
Dilution of virus 
life 
10--7 
lO-S 
10-I 
10-~ 
lO--a 
10-4 
10-5 
I0--6 
Abbreviations as m previous tables. 
Age of mice and result 
15 da]v~, old, average 
wetght,  t0 gin. 
2, 2, 2 
3, 3, 0 
3, 3, 3 
n. t. 
3, 3, 4 
3, 4, 4 
4, 4, 4 
9, 0, 0 
0, 0, 0 
About 1 year old, 
average weight, 30.5 gin. 
3, 3, 3 
3, 0, 0 
3, 6, 0 
4,4,4 
4, 5, 0 
5, 5, 6 
5, 0, 0 
n.t. 
n.t. 
greater dilution.  Whether or not a different pathogenesis in the case 
of Eastern  equine  encephalomyelitis is  the  responsible  factor,  it  is 
manifest that its infectiousness is influenced by the age of the host 
neither in the same manner nor to the same degree as is that of the 
two strains of vesicular stomatitis virus. 
Western Equine Encephalomyelitis in Mice.--Two  sets of titrations 
were carried out with this virus  (Table VII).  In the first 21 day and 
1 year old mice and in the second, 15 day and 1 year old animals were 
injected intracerebrally and instilled intranasally.  It is evident that 
after  intracerebral  inoculation  there  was  little  or  no  difference in P.  K.  OLITSKY,  A.  B.  SABIN,  AND  H.  R.  COX  733 
suceptibility between the 21 day and 1 year old mice, while the 15 day 
animals  succumbed more regularly than the old ones; in these death 
ensued in half the time even when a minimal dose was given.  After 
intranasal  inoculation  there was a  distinct  quantitative  difference in 
effect in young and old mice, which was not as marked,  however, as 
that  observed  with  the viruses  of vesicular  stomatitis.  Of eighteen 
15  or  21  day  old  mice  instilled  with  virus  in  dilutions  of  1:10  to 
TABLE  VII 
Susceptibility of Mice of Various Ages to Western Equine Encephalomyelitis Virus 
by Intranasal and Intracerebral Routes 
Route of 
inoculation 
Intracerebral  i 
Intranasal 
] Dilution of virus 
10°t 
10-2 
100  3 
10-* 
10-5 
10-6 
100  ~ 
10-8 
Experiment  I 
About 1 year 
old, average 
weight, 32 gm. 
lO-I 
10-2 
10-3 
10-~ 
10-6 
10-~ 
10-7 
21 days old, 
average weight, 
14.1 gin. 
3, 4, 4 
3, 4, 4 
3, 4, 4 
3, 3, 4 
3, 4, 4 
4, 4, 5 
4, 0, 0 
n.t. 
3, 4, 4 
3, 3, 4 
3, 4, 4 
3, 3, 5 
3, 3, 4 
3, 3, 4 
3, 4, 5 
n.t. 
4, 7, 7 
3, 3, 4 
3, 3, 4 
4, 4, 4 
0, 0, 0 
0, 0, 0 
0, 0, 0 
5, 5, 0 
4, 0, 0 
5, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
Experiment  II 
15 days old,  About I year 
average weight,  old, average 
8 gin.  weight, 35 gin. 
n.t.  n.t. 
Lc  ~ 
~c  c¢ 
2, 2, 2  3, 3, 4 
2, 2, 2  4, 4, 10 
2, 2, 2  4, 4, 0 
2, 2, 2  4, 4, 0 
2, 2, 2  6, 0, 0 
n.t.  n.t. 
3, 3, 3  5, 7, 0 
2, 2, 6  5, 5, 0 
3, 3, 3  0, 0, 0 
4, 0, 0  0, 0, 0 
3, 4, 0  0, 0, 0 
n.t.  n.t. 
Abbreviations  as in previous  tables. 
1:10,000,  all died of encephalomyelitis,  while of a  similar number of 
1  year  old  animals  inoculated  with  the  same  material  only  eight 
succumbed.  Furthermore while three of six 15 day old mice died after 
nasal instillation with virus dilutions of 10 -~ and 10 -e, none of the old 
ones  was  affected by  these  or larger  amounts  (10 -4 dilution)  of the 
infective  material. 
Pseudorabies  in Guinea  Pigs.--lO  day  old  guinea  pigs  having  an 734  ACQUIRED  RESISTANCE  TO  NEUROTROPIC  VIRUSES 
average weight of 140 gin. and full grown guinea pigs, 4 months of age 
or older and of an average weight of 660 gin., were given subcutane- 
TABLE  VIII 
Susceptibility of Young and Old Guinea Pigs to Intranasal and Subcutaneous 
Inoculations of Pseudorabies Virus 
Route of inoculation  and 
amount injected 
Intranasal, 0.05 cc. 
in each nostril 
Subcutaneous, Icc. 
Dilution of virus 
Age of guinea pigs and result 
4 months old, average 
weight, 660 gra. 
3, 3 
3, 0 
0, 0 
0, 0 
10 days old, average 
weight, 140 gin. 
10  -1  3, 3 
10  ~  3, 0 
10  -s  0, 0 
10-  4  0, 0 
10  -1  3, 3 
10  -~  3, 3 
10  -a  3, 0 
10  -~  0, 0 
Abbreviations as m previous tables. 
3, 3 
3, 0 
4, 0 
0, 0 
TABLE  IX 
Relative Susceptibility of  Young and Old Monkeys to Nasal  Instillation  of Polio- 
myelitis Virus 
Average  weight of monkeys  tested  Monkey  No.  Result 
Weight,  1  kilo,  (about 
the size of monkeys ordi- 
narily used) 
Age unknown but have been 
at Institute 3 to 5 years. 
Average weight,  7  to  8 
kilos 
Remained wall 
Fever 20, par. 23, prostr.  25* 
Fever 5, par. 8, postr. 10 
Fever 6, par. 10, postr.  14 
Fever 7, par. 11, prostr. 12 
Fever 7, par. 10, prostr. 11 
Fever 6, par.  10, prostr. 15 
Fever 7, par. 11, prostr. 13 
Fever 4, par. 8, prostr. 9 
* Fever 20, par. 23, prostr. 25  ffi Fever 20th day, paralysis 23rd day, prostrate 
25th  day after the first instillation of virus. 
ously and intranasally various dilutions of the same virus suspension 
(glycerolated rabbit brain).  The results (Table VIII) reveal no differ- P.  K.  OLITSKY~  A.  B.  SABIN~ AND  H.  R.  COX  735 
ence in  susceptibility  of  young and  old  guinea pigs  to  peripheral 
inoculation with pseudorabies virus. 
Poliomyelitis in Macacus rhesus Monkeys.--It is difficult (and for us 
it proved impossible) to obtain monkeys of known age.  The rhesus 
monkeys usually employed for experimental work weigh 2 to 3 kilos; 
to induce the disease regularly by means of nasal instillation of virus a 
relatively large amount of it is given.  It was therefore desirable to 
test with the same dose the susceptibility of the smallest and largest 
monkeys available.  Four very small monkeys (average weight I kilo) 
and five large, mature animals (average weight 8 kilos), which have 
been kept at the laboratory for 3  to 5 years, were given the same 
quantity of poliomyelitis virus (1 cc. of 10 per cent virus suspension in 
each nostril on two occasions, 48 hours apart).  As may be seen in 
Table IX, all of the old monkeys succumbed while only three of the 
four young ones developed poliomyelitis.  These results are in strik- 
ing  contrast  to  the  statement  made  (9)  that  old  Macacus rhesus 
monkeys are less susceptible to experimental poliomyelitis.  In view 
of the fact that neurotropic viruses may behave differently in different 
hosts, one cannot assume that poliomyelitis virus would necessarily 
act in a similar manner in older animals of other species. 
DISCUSSION 
The opinion is often expressed that in general young animals are 
more susceptible than old ones to virus inoculations, but no precise 
comparative study of this question has heretofore been made.  It has 
been recorded, for example, that young rabbits succumb more rapidly 
after intracerebral injection of Borna disease virus than older animals 
(Nicolau and Galloway (10)); that young monkeys are more suscep- 
tible than old ones to intracerebral inoculation with poliomyelitis virus 
(Leiner and yon Wiesner; Krause and Meinicke; Levaditi; and Junge- 
blut  and  Engle)  (9);  that yellow fever  (Theiler  (11)) and vesicular 
stomatitis viruses (Olitsky, Cox,  and Syverton (5))  are encephalito- 
genic after intraperitoneal inoculation only in very young mice, etc. 
It should be recalled here  that  the  resistance  of  older  animals  to 
many other  virus  diseases  is  chiefly  the result  of  infection at  an 
earlier age. 
The present investigation provides evidence of a different and rather 736  ACQUIRED  RESISTANCE  TO  NEUROTROPIC  VIRUSES 
more limited type of resistance which develops in some animals with 
increasing age only as regards certain neurotropic viruses introduced 
into the body by definite peripheral routes.  This type of resistance 
is not general and systemic in nature, for introduction of the virus 
directly into the brain finds both young and old equally susceptible. 
Previous exposure to infection is eliminated as a  possible factor not 
only by the isolation of the animals in the breeding rooms prior to 
their use but also by the complete lack of antiviral bodies in the blood 
of those naturally resistant. 
This naturally acquired resistance was found to be most marked in 
old mice  against  the  Indiana  and  New  Jersey  strains  of vesicular 
stomatitis virus.  It was demonstrable when inoculations were made 
by the intranasal,  subcutaneous, intramuscular, intraperito~neal, and 
intravenous routes, but not by the intracerebral.  The development 
of this resistance varied in different mice, becoming apparent as early 
as the 30th day of life in some and remaining absent in others even at 
1 year of age.  The factors which influence the development of the 
refractory state and its nature are. still obscure.  It should be stressed 
that  the  change  which  renders  old  mice  refractory  to  peripheral 
inoculation with the two immunologically distinct strains of vesicular 
stomatitis virus does not necessarily induce a  similar state  against 
other viruses.  Thus, while the majority of older mice exhibit a similar 
resistance  against  the  Western  strain  of  equine  encephalomyelitis 
virus, it is not readily demonstrable with the immunologicaily  distinct 
Eastern  strain.  Nor  were  older  animals  refractory  to  peripheral 
inoculations of pseudorabies virus in  guinea pigs and  poliomyelitis 
virus  in  rhesus  monkeys.  The  mechanism of  the  acquired resis- 
tance described in this communication has been studied, and a pre- 
liminary report published (Sabin and Olitsky  (12)). 
CONCLUSIONS 
1.  As  mice  grow  older  they  acquire  a  resistance  to  peripheral 
inoculation with  the  Indiana  and  New  Jersey  strains  of  vesicular 
stomatitis virus and to some extent also to Western equine encephalo- 
myelitis virus, but little or none to the Eastern strain. 
2.  While some mice may become resistant as early as the 30th day 
of life, others may still be susceptible at 1 year of age. P.  K.  OLITSKY~ A.  B.  SABIN~ AND  H.  R.  COX  737 
3.  This resistance is  readily demonstrable when the  inoculations 
are made by intranasal, subcutaneous, intramuscular, intraperitoneal, 
and intravenous routes, but not when the virus is injected directly 
into the brain. 
4.  The resistance is not related to previous exposure to infection or 
to the presence of specific or nonspecific antiviral bodies in the blood. 
5.  No  difference  in  susceptibility  to  peripheral  inoculation  was 
found in  young and  old guinea pigs to  pseudorabies virus,  and  in 
relatively  young and old  Macacus  rhesus monkeys to  poliomyelitis 
virus. 
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